Hydrodynamic and Sediment Transport Modeling of March 1998
Resuspension Event In Lake Michigan
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Satellite observations of surface reflections in Lake Michigan have A prelim_inary test of the Iinke_:d circulation -Wav_es-sediment trans- b ggq%z A ! WA \wﬁuﬁl‘w‘m w\f% Lake Michigan J
revealed a recurrent turbidity plume observed every spring since 1992. port modeling system was carried out for the period 1-30 March, i 6 1 16 21 26 3t o The model qualitatively reproduces the observed large-scale circu-
The resuspension plume of March 1998 was one of the largest events 1998. Meteorological data were obtained from 12 National Weather I P Net Erosion and Deposition (mm) __ o - lation pattern ig. 1) although the offshore flow in the model is lo-
of record Fig. 1). Our current understanding is that the initiation of Serwce stations around Lake Michigag( 2). Ir_1 addition to objec- B B A T S5 . March, 1998 e e . cated somewhat south of the observed convergence zone. This may be
the plume is caused by a major storm with strong northerly winds gen- tively analyzed data, we also used meteorological model data as the i ~ A PPN : = explained by the sensitivity of the large-scale lake circulation pattern
erating large waves in southern Lake Michigan. The plume appears forcing function in order to compare results obtained by various meth- 8 ool S e 1 e 2.0 S 0. ;- | to the direction and vorticity of the wind field. We were not able to re-
along the entire southern coastline of the lake. It occasionally veers ods. In order to generate atmospheric forcing fields, the Penn State/ e R T 3 = S, produce the spectacular spiral eddy observed in the middle of the lake
offshore along the eastern shore of the lake, coincidentally near the ar- NCAR 5th generation mesoscale model (MM5) (Dudhia, 1993) was . : - ) )
_ JORE Y for th iod 7-10 March 1998. A tripl ted d , o _ 1.6 on March 12 ig. 1) which is probably either a result of meandering
eas of highest measured long-term sediment accumulation in the lake ru? or 5431%32(1 - o tarc ) t rtl_p y neste olmalndc;on igu- . ; Wave Height ] N . s of the strong offshore jet or direct atmospheric forcing. The last argu-
Ir\jlll\l/losn ( th the i m) wi two-vtvay mgrac(lsol?s W"’.‘Z e”!ptoye Imt' . 0 iF /\\ : 1.2 i . ment seems to be more convincing since there is a strong evidence
Wi te mdnermLosk nf/ﬁ' ﬁ_row NG & KM grid point resolution in 2 7 ,f US A AN U S il based on National Weather Service radar data that on March 11 a
an area centered on Lake Michigan. Ol Tl - IBSE RVt 0.8 A e o mesoscale atmospheric vortex was present in southern Lake Michigan.
1 B 11 16 21 26 31 : ) NG : . . . . . .
& @ N . RS That vortex is almost missing in both objectively analyzed and MM5
B e Oceanographic data 0 e Fertod 0.4 B T 9 e winds because of the lack of overlake observations.
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c ¢ met deoloved al h .  of h Lak g oF ﬂ/\mm/ﬁ VAN w}m \ﬂ\q VY Comparison of modeled and observed currents at the nearshore sta-
- | UIrent meters were deployed along the east coast of southern Lake e : . tions VO1 and V09 shows good prediction by the model of an offshore
i Michigan in order to capture nearshore-offshore flow in the vicinity of E 6 1 15 21 26 31 flow at 12 m depth but significant underestimation of the longshore
PGS Benton ?ﬁrbfé’gl\;l lg(SB EH Ilﬁlg_. 2) during &_grgﬂcané nc_)rthelgly V\.'l'nd Wave Direction flow (Fig. 10-1). ADCP data (station Al) provided valuable informa-
S e}/?f?tS.EE GeLE -98 Insta datloln \ivfs carried out urcllnglt e pilot year L e TN T T tio_n on vertical current distributions. Observations during March 9-14
o _CI’_ ! Z cECLE rrpmgoogrirr?gr;ns ?,21 ?Ar\]ZyA4 rggg”A]S%Swvéféeeqi?pgzgjw?{h i ~ S (Fig. 123 showed strong southerly longshore currents (up to 45 cm/s)
: T S 90 ~ e around March 10 followed by current rever_sa_l on March 11 (with
ﬁj{;)t;sr.]téc?)%or%p(lzrz(;l;ré?;)PJggltﬁrss vslﬁlilgecti)edrzpr)r!?i/r?iﬂ ;tmlfor(iﬁésa(r\];jm o L] M ;6:1998 L L J tnhorthertly ](c:ltjr:rents_u(p]I t(lz/l 33 clr}]/s) arr:d perS|st|ntg nc|>rtherlykcucllrrentlf,/I for )
’ aref, e rest of the period. Model longshore currents also peaked on Marc
V03, V04, V06, V09 and V12) deployed at 20 and 60 m depths had 2 _ _ _ _ _ - :
Vector Averaging Gurrent I\/Ie)tersp(VXCM) oach at 12m andpat 1 Figure 4.Time series of interpolated wind and modeled waves at a lo- 10 at this location although revers_ed currents were not as strong (_UID to
b the b gtt J The mid-lake station (CM1) had 4 VACA 20 cation in the center of southern Lake Michigan for 1-30 March, 1998. 10_Cm/5)- The onsho_re compqnelﬁng( 120_W6}S_ also calculated _quall-
above the bottom. The mid-lake station (CM1) ha ’ - __ | R | tatively correctly but its magnitude was significantly less than in obser-
55, 115 and 152 m. 3 : g | vations. It is interesting to note that while observed currents possess al-
most no vertical shear, modelled currents showed significant reduction
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(almost twice) in speed with depth during strong wind events. The

Figure 8.Net sediment erosion (blue) and deposition (red) in MMS5 data showed some improvement in model resiltgire 12 for
March 1998 from the sediment transport model Figure 9.Long term sediment accumulation example, shows better timing of nearshore current reversal on March
Figure 1. Satellite measurements of surface reflectance in in southern Lake Michigan (Foster and Col- 10-11 and stronger longshore and onshore currents during wind events.

man, 1992). The five ranges of sediment

thickness depicted in the map are (from light-
est to darkest): 1-2 m, 2-6 m, 6-10 m, 10-14 Conclusions
m, and > 14 m.

southern Lake Michigan with observed currents

A system of linked wave, circulation and sediment transport models

station V0L, depth 12 m station V09, depth 12 m was applied to Lake Michigan to simulate hydrodynamic, wave and
60 a 60 5 suspended sediment conditions during the 1998 coastal turbidity
g or ] g r ] plume event. Comparison with observations showed that models were
i s A s , s Ar . able to qualitatively simulate resuspension event but some important
. E 28 7 T~ - E 28 e IS R details of nearshore-offshore flow were missing. More experiments are
Al ¢ ol 5 2wk . underway to study the effects of wind field interpolation, grid resolu-
' O ot 5 O b 5 tion, and turbulence parameterization on hydrodynamics in Lake
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Figure 5. Satellite measurements of surface reflectance in southern Lake Michigan 9 20 ~ . 5 20 \7/ v L . Products/Publications
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model results for wave height, period and direction at the same point ¥ gpiadfy o ¥ e e Lou J., D.J. Schwab and D. Beletsky. 1999. Suspended sediment trans-
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provide the longest overwater fetch distarieese waves caused Sig- ! 5 1 16 2

nificant sediment resuspension which is apparent in the satellite im-
ages shown ifig.5.
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k/leillc(ﬁig/lalﬁhlgan’ and location of mid-lake station in southern Lake early spring. The characteristic wind-driven circulation pattern in a served (thick line) currents at station V01 served (thick line) currents at station V09

lake consists of two counter-rotating gyres, a counterclockwise-rotat-

ing (cyclonic) gyre to the right of the wind and a clockwise-rotating

(anticyclonic) gyre to the left (Bennett, 1974). The gyres are separated _ _
Mels by a convergence zone along the downwind shore with resulting off- % :: P Lsrei‘c“omvr)gnent (cm/s), observations at\ Al l ] - —— shr Oponent (cmls), bsratlo at Al
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Wave model The wave model is a 2D numerical parametric mode in the model results on 9-12 March and 20-22 March, which coincide _ o : _ X ! ' i
based on the wave momentum conservation equation (Schwab et. al.,  with the strongest winds as showrFiiy. 4 Though the sediment S s E < Schwab., D.J. and D. Beletsky, 1998. Lake Michigan Mass Balance
1984). The output from the wave model (wave height and wave pe- transport model can depict the resuspension events reasonably well, it & 10 = g Study: Hydrodynamic modeling project. NOAA Tech. Memo. ERL
riod) is used to estimate bottom shear stress in the sediment transport  was not able to describe the detailed plume structure, particularly the 12 = GLERL-108. NOAA Great Lakes Env. Res. Lab., Ann Arbor, M,
model. spiral eddy in the central part of southern lake probably because of in- 14 AT ~ ‘ = : ] =., 53pp. _ _
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Geophys. Res., 89(C3), 3586-3589

Sediment Transport ModelThe suspended sediment transport model

is a quasi-3D model based on an asymptotic solution of the convec- Net erosion during storm events in March 1998 occurred mainly

tion-diffusion equation. The bottom shear stress is calculated by a bot- glong the shoreline and deposition occurred offshieie §). Overall, . : : : : :
tom boundary layer model. The effect of nonlinear wave-current inter-  the deposition pattern during this event is similar to the long term sedi- Figure 12aTime-series of modeled versus observed long-  Figure 12bTime-series of modeled versus observed on-

action on the bottom shear stress was obtained based on the concept of ment accumulation map shownFigure 9 Both show an asymmetric 3/24/98 182 3/26/98 182 3/27/98 182 3/28/98 182 3/20/98 182 §hqre currents at stqtion Al. NRST model run employs ob- §hqre currents at stqtion Al. NRST model run employs ob-
Grant and Madsen (1979). pattern of sediment deposition, with maximum deposition occurring jectively analyzed winds, MM5 — modeled winds. jectively analyzed winds, MM5 — modeled winds

mainly in the eastern side of the lake in water depths of 50-100 m

Figure 7. Snapshots of suspended sediment concentration at times corresponding to
satellite images in Figure 5



